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Description 

[A/D CONVERTER WITH ADJUSTABLE 
INTERNAL CONNECTION AND METHOD 
FOR THE SAMEOPERATING ] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93101484, filed January 20, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] This invention generally relates to an A/D converter with 
adjustable internal connection and a method for operating 
the same, and more particularly to an A/D converter with 
adjustable internal connection and a method for operating 
the same by using a plurality of piezoelectric transformers 
and the connection of those piezoelectric transformers in- 
put terminals are adjustable. 

[0004] Description of Related Art 

[0005] To reduce the usage of the chemical material, most elec- 



trical devices use direct current (DC) sources sucli as bat- 
teries as power sources and tlius liave A/D converters. 
Hence, those devices can use the alternating current (AC) 
sources provided by the electrical power companies. A 
traditional A/D converter uses a magnetic transformer to 
obtain a required DC voltage. However, due to the safety 
standard requirement, the secondary coils of this magnet 
transformer require a certain amount of distances be- 
tween adjacent coils. This limitation makes the size im- 
possible to be small. On the other hand, the piezoelectric 
transformer has the advantage of small size and good in- 
sulation. Hence, more and more researches focus on the 
application of the piezoelectric transformer. However, be- 
cause the voltage standards adopted by different coun- 
tries are different, an A/D converter with a single piezo- 
electric transformer cannot be universally used all over 
the world. 

[0006] Jo resolve this problem, some manufacturers provide an 
improved A/D converter, which uses an active-clamp half- 
bridge circuit, pulse frequency modulation (PFM) and 
pulse width modulation (PWM) feedback controller to re- 
spond the different voltage input. However, the design of 
the controller is very complicated and costly, and thus 



cannot be adopted for mass-production. 
Summary of Invention 

[0007] Accordingly, the present invention is directed to an A/D 
converter witli adjustable internal connection and opera- 
tion method thereof by using a simple circuit design to 
provide the same output voltage even if the input voltage 
is different. 

[0008] According to an embodiment of the present invention, an 
A/D converter with adjustable internal connection is pro- 
vided for converting an alternating current source to a di- 
rect current source. The A/D converter comprisesa recti- 
fier driver module, a transformer module, a control mod- 
ule and an output rectifier module. The rectifier driver 
module is adapted for rectifying an input voltage from the 
alternating current source and converting the input volt- 
age to a driver voltage corresponding to the input voltage. 
The transformer module includes a plurality of piezoelec- 
tric transformers, wherein each of the plurality of piezo- 
electric transformers has two input terminals and two 
output terminals. The two output terminals of the plurality 
of piezoelectric transformers connected in parallel to 
serve as two output terminals of the transformer module. 
The control module has an input terminal, which adapted 



for receiving tlie driver voltage. Tlie control module is re- 
sponsive to the input voltage for adjusting a connection 
between the input terminals of the plurality of piezoelec- 
tric transformers. The output rectifier module is adapted 
for receiving an output voltage from thetwo output termi- 
nals of the transformer module, and rectifying the output 
voltage from the two output terminals to output the direct 
current source. 

[0009] In an embodiment of the present invention, the trans- 
former module includes: a first piezoelectric transformer 
and a second piezoelectric transformer. The first positive 
input terminal comprises a first negative input terminal, a 
first positive output terminal and a first negative output 
terminal. The second piezoelectric transformer comprises 
a second positive input terminal, a second negative input 
terminal, a second positive output terminal and a second 
negative output terminal, wherein the first positive input 
terminal is coupled to the second positive input terminal 
and the first positive output terminal is coupled to the 
second positive output terminal. 

[0010] In an embodiment of the present invention, the control 
module includes: a first switch, a second switch and a 
third switch. The first switch is coupled between the first 



positive input terminal and the second positive input ter- 
minal. The second switch is coupled between the first 
negative input terminal and the second negative input ter- 
minal. The third switch is coupled between the first nega- 
tive input terminal and the second positive input terminal. 
When the input voltage reaches a first predetermined 
level, the first and second switches are off and the third 
switch is on, and when the input voltage reaches a second 
predetermined level, the first and second switches are on 
and the third switch is off. 
1] In an embodiment of the present invention, the rectifier 
module includes: a rectifier and a driver. The rectifier is 
adapted for rectifying the input voltage to obtain a recti- 
fied voltage. The driver comprises a first inductor, a sec- 
ond inductor and a switch. The first inductor comprises a 
first terminal for receiving the rectified voltage and a sec- 
ond terminal is coupled to the input terminal of the con- 
trol module. The second inductor comprises a first termi- 
nal for receiving the rectified voltage and a second termi- 
nal is coupled to a first terminal of the driver switch, and a 
second terminal of the driver is coupled to the input ter- 
minal of the control module. The driver switch is switched 
on/off responsive to the input voltage. 



[0012] jhe present invention is related to a metliod of operating 
an A/D converter witli adjustable internal connection, for 
converting an alternating current source to a direct cur- 
rent source. In the method of operating an A/D converter, 
according to an embodiment of the present invention, a 
plurality of piezo-transforming devices is provided. Next, 
an input voltage from the alternating current source is de- 
tected. Next, an connection of input terminals of the plu- 
rality of piezo-transforming devices is adjusted based on 
the input voltage to obtain an input/output voltage ratio 
of the plurality of piezo-transforming devices inverse- 
proportional to the input voltage. 

[0013] In an embodiment of the present invention, when the in- 
put voltage is higher than a predetermined voltage, con- 
nection of the number of the input terminals of the plu- 
rality of piezo-transforming devices is adjusted in a man- 
ner that an increased number of the input terminal of the 
plurality of piezo-transforming devices are connected in 
series; and when the input voltage is lower than the pre- 
determined voltage, the connection of the number of the 
input terminals of the plurality of piezo-transforming de- 
vices is adjusted in a manner that an increased number of 
the input terminals of the plurality of piezo-transforming 



devices are connected in parallel. 

[0014] According to an embodiment of the present invention, a 
plurality of piezoelectric transformers connected series 
and parallel utilized to provide the variance of the input/ 
output voltage ratio in order to obtain the same or a simi- 
lar voltage even if the input voltage is different. Hence, 
the present invention does not require a complicated cir- 
cuitry such as active-clamp half-bridge circuit, pulse fre- 
quency modulation (PFM) or pulse width modulation 
(PWM) feedback controller to control the output. There- 
fore, the A/D converter with adjustable internal connec- 
tion of the present invention is cost-effective and suitable 
for mass-production. 

[0015] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0016] FIG, 1 is a block diagram of an A/D converter with ad- 
justable internal connection in accordance with an em- 
bodiment of the present invention. 



[0017] pic_ 2 is a block diagram of a transformer module in ac- 
cordance with an embodiment of tlie present invention. 

[0018] FIG. 3 shows the relationship of output/input voltage ra- 
tios and the frequency when a single piezoelectric trans- 
former (but the size is the same as two piezoelectric 
transformers) is used, two piezoelectric transformers are 
connected in series, and two piezoelectric transformers 
are connected in parallel. 

[0019] FIG. 4 is a block diagram of an A/D converter with ad- 
justable internal connection in accordance with another 
embodiment of the present invention. 

[0020] FIGs. 5A-5C show the circuits of the output rectifier mod- 
ules in accordance with an embodiment of the present in- 
vention. 

[0021] FIG. 6 shows the operation flow chart of the A/D converter 

with adjustable internal connection in accordance with an 

embodiment of the present invention. 
Detailed Description 

[0022] FIG. 1 is a block diagram of an A/D converter with ad- 
justable internal connection in accordance with an em- 
bodiment of the present invention. In this embodiment, 
the A/D converter 10 includes a rectifier driver module 
100, a transformer module 120, and an output rectifier 



module 140. The rectifier driver module 100 rectifies an 
input voltage from the alternating current source V and 
converts the input voltage to a driver voltage correspond- 
ing to the input voltage. Then the rectifier driver module 
100 outputs the driver voltage to the subsequent trans- 
former module 120 via the nodes 113 and 115. After re- 
ceiving the driver voltage, the transformer module 120 
transforms the driver voltage and outputs it to the output 
rectifier module 140 via the nodes 133 and 135. Then the 
output rectifier module 140 rectifies the transformed 
driver voltage to be the direct current source for the 
electrical devices. 
[0023] Referring to FIG. 1, the transformer module 120 includes 
a control module 122 and a plurality of piezoelectric 
transformers such as piezoelectric transformers 126, 128, 
and 130. Each of the piezoelectric transformers 126, 128, 
and 130 has two input terminals 126a and 126b, 128a 
and 128b, or 130a and 130b. Each piezoelectric trans- 
former also has two output terminals 126c and 126d, 
128c and 128d, and 130c and 130d. In addition, the out- 
put terminals of the piezoelectric transformers 126, 128, 
and 130 are connected in parallel to the two output termi- 
nals 133 and 135 of the transformer module 120. It 



should be noted that the parallel connection of the output 
terminals of the piezoelectric transformers 126, 128, and 
130 means the connection of the same phase nodes, and 
has nothing too do with the real position of the nodes. 
Further, the control module 122 receives the driver volt- 
age via the nodes 113 and 115 from the rectifier driver 
module and adjusts the connection between the input ter- 
minals of the piezoelectric transformers 126, 128, and 
130 based on the input voltage from the AC source. 
[0024] Jo further illustrate the present invention, the connection 
of the transformer module 120 in accordance with an em- 
bodiment of the present invention will be described as 
follows. FIG. 2 is a block diagram of a transformer module 
in accordance with an embodiment of the present inven- 
tion. For simplicity, this embodiment uses two piezoelec- 
tric transformers 240 and 242 as an example to illustrate 
the present invention. It should be noted that more than 
two piezoelectric transformers may also be used to 
achieve the purpose of the present invention and there- 
fore also fall within the scope of the present invention. 
Further, currently the well-adopted voltage standard in- 
cludes 220V and llOVAC source. Hence, this embodi- 
ment uses these two standards to further illustrate the 



present invention. 
[0025] In FIG. 2, the transformer module 20 includes a control 

module 22 and piezoelectric transformers 240 and 242. In 
the control module 22, the switch 220 is coupled to the 
input terminal 240a (or first positive input terminal) of the 
piezoelectric transformer 240 and the input terminal 242a 
(or second positive input terminal) of the piezoelectric 
transformer 242. The switch 222 is coupled to the input 
terminal 240b (or first negative input terminal) of the 
piezoelectric transformer 240 and the input terminal 242b 
(or second negative input terminal) of the piezoelectric 
transformer 242. The switch 224 is coupled to the input 
terminal 240b of the piezoelectric transformer 240 and 
the input terminal 242a of the piezoelectric transformer 
242. 

[0026] When the A/D converter with the transformer module 20 
is applied in the areas using AC 220V and llOV voltage 
standards, the control module 22 has to change the status 
of the switches 220, 222, and 224 based on the areas. For 
example, when the AC source provides 220V as an input 
voltage, the control module 22 will turn off the switched 
220 and 222 and turn on the switch 224. Hence, the input 
terminal 240a of the piezoelectric transformer 240 is cou- 



pled to the node 213 (i.e., the node 113 shown in FIG. 1). 
The input terminal 240b of the piezoelectric transformer 
240 and the input terminal 242a of the piezoelectric 
transformer 242 are coupled together. The input terminal 
of the piezoelectric transformer is coupled to the node 
215 (i.e., the node 115 shown in FIG. 1). By using the se- 
rial connection structure, the output/input voltage ratio of 
the piezoelectric transformers 240 and 242 is smaller 
than a single piezoelectric transformer with a double size. 

[0027] In this present invention, the above connection is called 
serial connection. In other words, referring to FIG. 1, the 
definition of serial connection is that the output terminals 
of the piezoelectric transformers are connected in parallel. 
In order to form a serial connection, a first input terminal, 
which is a positive input terminal (ex. 126a) of a piezo- 
electric transformer; and a second input terminal, which is 
a negative input terminal (ex. 130b) of another piezoelec- 
tric transformer, are connected to node 113 and 115, re- 
spectively. Any other positive input terminals, such as 
128a and 130a, are connected to other negative input ter- 
minals, such as 126b and 128b of different piezoelectric 
transformers individually. 

[0028] Referring to FIG. 2, when the AC source provides llOV as 



an input voltage, the control module 22 will turn on the 
switched 220 and 222 and turn off the switch 224. Hence, 
the input terminal 240a of the piezoelectric transformer 
240 and the input terminal 242a of the piezoelectric 
transformer 242 are coupled to the node 213; the input 
terminal 240b of the piezoelectric transformer 240 and 
the input terminal 242b of the piezoelectric transformer 
242 are coupled to the node 215. By using the parallel 
connection structure, the output/input voltage ratio of the 
piezoelectric transformers 240 and 242 is larger than a 
single piezoelectric transformer with a double size. 
[0029] FIG. 3 shows the relationship of output/input voltage ra- 
tios and the frequency when a single piezoelectric trans- 
former (but the size is the same as two piezoelectric 
transformers) is used, two piezoelectric transformers are 
series connected, and two piezoelectric transformers are 
connected in parallel. As shown in FIG. 3, the output/input 
voltage ratio of the single piezoelectric transformer is be- 
tween that of the series-connected piezoelectric trans- 
formers and that of the parallel-connected piezoelectric 
transformers. Hence, in the present embodiment of the 
present invention, above relationship is utilized to main- 
tain the DG voltage in a certain range based on the input 



AC voltage. 

[0030] FIG. 4 is a block diagram of an A/D converter with ad- 
justable internal connection in accordance with another 
embodiment of the present invention. Referring to FIG. 4, 
in this embodiment, the A/D converter 40 includes a rec- 
tifier driver 42, a voltage detector module 44, a trans- 
former module 46 and an output rectifier module 48. Be- 
cause the transformer module 46 has been illustrated 
above, the detailed description of the transformer module 
46 is not repeated hereinafter. As shown in FIG. 4, the 
rectifier driver module 42 includes a rectifier device 41 in- 
cluding a diode bridge rectifier 420, a capacitor 422, and 
a half-bridge switch circuit 424, a driver 43 including two 
inductors 426 and 428 and a driver switch 430. The recti- 
fier device 41 receives the input voltage from the AC 
source and rectifies it to obtain the rectified voltage. The 
rectified voltage is then sent to the driver 43. In the driver 
43, the one terminal of the inductor 426 received the rec- 
tified voltage and the other terminal of the inductor 426 is 
coupled to the input terminal of the transformer module 
46. Further, one terminal of the inductor 428 received the 
rectified voltage and the other terminal of the inductor 
428 is coupled to one terminal of the driver switch 430. 



The other terminal of the driver switch 430 is coupled to 
the input terminal of the transformer module 46. 

[0031] In this embodiment, the driver switch 430 determines 
whether to operate the circuit with the inductor 428. As 
illustrated above, the piezoelectric transformers of the 
transformer module 46 requires inductors with different 
resonant frequencies when connected in series or in par- 
allel. To make transformer module 46 work smoothly, the 
driver 43 has to provide different resonant frequencies. 
The driver switch 430 provides this function by controlling 
whether or not to operate the circuit with the inductor 
428. It should be noted that the voltage detector module 
44 will generates a corresponding control signal to deter- 
mine the operation of the transformer module 46 and the 
driver switch 430 based on the input voltage V from the 
AC source. However, this is not the only way to achieve 
the same purpose. One skilled in art may choose an ade- 
quate design under different circumstances. 

[0032] FiGs. 5A-5C show the circuits of the output rectifier mod- 
ules in accordance with an embodiment of the present in- 
vention. In FIG. 5A, the anode of the diode 500 and the 
cathode of the diode 502 of the output rectifier module 
50a are coupled to one input terminal of the output recti- 



fier 50a (the node 133 of FIG. 1). The anode of the diode 
504 and the cathode of the diode 506 of the output recti- 
fier module 50a are coupled to the other input terminal of 
the output rectifier 50a (the node 135 of FIG. 1). Further, 
the cathodes of the diodes 500 and 504 are coupled to 
one terminal of the inductor 508and the other terminal of 
the inductor 508 is coupled to one terminal of the capaci- 
tor 510 and the load 512. In addition, the anodes of the 
diodes 502 and 506 are coupled to the other terminal of 
the capacitor 510 and the load 512, which is not coupled 
to the inductor 508. 
[0033] In FIG. 5B, one terminal of the inductor 520 of the output 
rectifier module 50b is coupled to the anode of the diode 
524 and one input terminal of the output rectifier module 
50b (the node 133 of FIG. 1). The other terminal of the in- 
ductor 520 is coupled to one terminal of the inductor 522, 
the capacitor 528 and the load 530. The other terminal of 
the inductor 522 is coupled to the anode of the diode 526 
and the other input terminal of the output rectifier module 
50b (the node 135 of FIG. 1). Further, the cathodes of the 
diodes 524 and 526 are coupled to one terminal of the 
capacitor 528 and the load 530, which is not coupled to 
the inductor 520. 



[0034] In FIG. 5C, the anode of the diode 540 of the output recti- 
fier module 50c is coupled to the one input terminal of 
the output rectifier module 50c (the node 133 of FIG. 1). 
The cathode of the diode 540 is coupled to one terminal 
of the diode 542 and the inductor 544. The other terminal 
of the inductor 544 is coupled to one terminal of the ca- 
pacitor 546 and the load 548. The anode of the diode 542 
is coupled the other terminal of the capacitor 546 and the 
load 548, which is not coupled to the inductor 544, is 
coupled to the other input terminal of the output rectifier 
module 50c (the node 135 of FIG. 1). 

[0035] In addition, the present invention also provides a method 
of operating the A/D converter with adjustable internal 
connection of the present invention. FIG. 6 shows the op- 
eration flow chart of the A/D converter with adjustable in- 
ternal connection in accordance with anembodiment of 
the present invention. In the first step(S600), a plurality of 
piezo-transforming devices is provided. In the second 
step (S602), an input voltage from the alternating current 
source is detected. Finally, in step (S604), an connection 
of input terminals of the plurality of piezo-transforming 
devices is adjusted based on the input voltage to obtain 
an input/output voltage ratio of the plurality of piezo- 



transforming devices inverse-proportional to tlie input 
voltage. 

[0036] As described above, according to an embodiment of the 
present invention, a plurality of piezoelectric transform- 
ers, connected in series and in parallel, are utilized to 
provide the variance of the input/output voltage ratio in 
order to obtain the same or a similar voltage even if the 
input voltage were different. Hence, the t requirement of a 
complicated circuitry such as active-clamp half-bridge 
circuit, pulse frequency modulation (PFM) or pulse width 
modulation (PWM) feedback controller to control the out- 
put can be effectively avoided. Therefore, the A/D con- 
verter with adjustable internal connection of the present 
invention is cost-effective and suitable for mass- 
production. 

[0037] The above description provides a full and complete de- 
scription of the preferred embodiments of the present in- 
vention. Various modifications, alternate construction, and 
equivalent may be made by those skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 
strued as limiting the scope of the invention which is de- 
fined by the following claims. 



